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CP asymmetry in B+ → K+pi0 and New Physics
Namit Mahajan∗
Theoretical Physics Division, Physical Research Laboratory, Navrangpura, Ahmedabad 380 009, India
The CP asymmetry in B0 → K+pi− is expected to be similar to that in B+ → K+pi0. The
experimental data however show ∼ 5σ difference between the two, leading to the so called ∆AKpi
puzzle. Employing sum rule(s) following from (approximate) flavour symmetry, we show that it
is possible to accommodate the observed experimental values within the standard model (SM) for
a narrow range of parameters. Sub-leading terms can bring the theoretical predictions in better
agreement with the data. Resolution via modified electroweak penguin contributions is possible for
a large CP violating phase generated by the new physics. However, the data on polarization in
B → V V (T ), Bs-B¯s mixing (and large CP phase) and B
+
→ τ+ντ rate can not be simultaneously
accommodated within SM or new physics with only enhanced electroweak penguins. A plausible
resolution to these, and not spoiling the B → Kpi rates and asymmetries, could be a general two
Higgs doublet model.
PACS numbers: 13.25.Hw,
Rare B-decays provide a golden opportunity to test
the fundamental interactions among the elementary par-
ticles, and at the same time allow us to extract valuable
information about the dynamics of strong interactions.
The study of CP violation, and its origin, has been one
of the main aims of the B-factories. Thanks to the ex-
cellent experimental precision reached at the B-factories,
and also at CLEO and Tevatron, we now have accurate
measurements of branching ratios and CP asymmetries
for many rare decay processes. This on one hand has
established the dominance of the phase in the CKM ma-
trix as source of CP violation (at least at low energies),
while on the other hand has brought some tantalizing
issues in light, possibly providing the first glimpse of
physics beyond the standard model (SM). On the the-
oretical front, accurate experimental measurements have
pushed the calculations to a higher level, in some case
demanding very accurate estimation of sub-leading ef-
fects and theoretical errors. SM, by large, still remains
highly successful in explaining the data. Any attempt to
infer hints of new physics (NP) need to ensure that we
have quantitatively exhausted all the possibilities within
SM, including sub-leading effects and any other neglected
contributions based on some assumptions.
B → Kpi decays are dominated by b→ s penguin tran-
sitions at the quark level. The four branching ratios, four
direct CP asymmetries and the indirect CP asymmetry
in the B0 → KSpi0 channel provide a wealth of informa-
tion which can be used to extract weak phases to enable
us to reconstruct the unitarity triangle. In achieving this
feat, some extra input is needed from other well measured
quantities. Table 1 summarises the present experimental
situation on B → Kpi modes. The entries correspond
to the values obtained by the Heavy Flavor Averaging
Group [1].
The difference in direct CP asymmetries, ∆AKpi ≡
∗Electronic address: nmahajan@prl.res.in
Observable HFAG average
BR(B0 → K+pi−) (19.4 ± 0.6) × 10−6
BR(B0 → K0pi0) (9.8± 0.6) × 10−6
BR(B+ → K+pi0) (12.9 ± 0.6) × 10−6
BR(B+ → K0pi+) (23.1 ± 1.0) × 10−6
ACP (K
+pi−) (−9.5± 1.2)%
ACP (K
+pi0) (5± 2.5)%
ACP (K
0pi+) (0.9± 2.5)%
CKSpi0 0.01 ± 0.10
SKSpi0 0.57 ± 0.17
TABLE I: HFAG values [1] for observables in B → Kpi system
ACP (K
+pi0) − ACP (K+pi−), has attracted lot of atten-
tion. Recently the Belle Collaboration published [2] an
updated and precise measurement of this quantity, which
is at variance with SM expectation. From the table one
can read off that ∆AKpi = 14.8±2.8 6= 0 at ∼ 5σ. A non-
zero value of ∆AKpi has been argued to be a signature of
new physics [3], since the two amplitudes differ by terms
which are small in magnitude. In order to infer that
this is in fact a clear signal of NP or that its resolution
necessarily calls for NP, it is mandatory to carefully ex-
amine all the assumptions generally made in estimating
various contributions, and to estimate the impact of the
neglected small terms in the analysis. Needless to say
that parametric uncertainties need to be kept in mind
while making all these estimates.
There are two approaches to non-leptonic B-decays.
One is based on the effective theory language and em-
ploys operators and short distance coefficients in the low
energy effective theory to describe the quark level decays
(see for example [4]). The second is the diagrammatic
approach combined with flavour symmetries [5]. In the
present note, combining the available experimental infor-
mation and theoretical constraints with the flavour sym-
metries, we revisit the sum rule for CP asymmetry in
B+ → K+pi0 proposed in [6]. We invert the sum rule
and examine to what extent the inverted relation, ex-
2pressing a certain combination of theoretical parameters,
called δEW below, in terms of measurable quantities is
satisfied within SM. We find that within the present er-
rors, the observed value for δEW does agree with the SM
prediction for the same quantity. We hasten to mention
that the biggest uncertainty stems from |Vub|, and there-
fore requires a better precision on the same to conclude
anything about the presence of NP.
The effective Hamiltonian responsible for the non-
leptonic b → s transitions is given by [4] (b → d tran-
sitions are described by appropriate changes)
Heff = GF√
2

∑
i=1,2
Ci(λuQ
u
i + λcQ
c
i)− λt
10∑
i=3
CiQi

+H.C
(1)
where λq = V
∗
qbVqs, Ci are the relevant Wilson coefficients
while Qi are four fermion operators. Here, Q
u,c
1,2 are the
current-current operators, while Q3−6 and Q7−10 are the
QCD penguin and electroweak (EW) penguin operators.
Operators Q5, Q6, Q7 and Q8 have (V − A) ⊗ (V + A)
structure while all others have (V −A)⊗ (V −A) struc-
ture. The NLO SM Wilson coefficients at scale µ = mb
(approximately) read:
C1 ∼ −0.3, C2 ∼ 1.14, C3−6 ∼ O(10−2),
C7,8 ∼ O(10−4), C9 ∼ −1.28α, C10 ∼ 0.33α
Due to the smallness of C7,8, the corresponding contribu-
tions can be safely neglected. This also holds for exten-
sions of SM where the (V −A) ⊗ (V + A) operators are
not tremendously enhanced. Further, O9 and O10 can be
Fierz transformed into O1 and O2.
Various B → Kpi decay amplitudes are expressed as
[5, 7, 8]
A+0 ≡
√
2A(B+ → K+pi0) = −(p+ t+ c+ a)
A0+ ≡ A(B+ → K0pi+) = (p+ a)
A+− ≡ A(B0 → K+pi−) = −(p+ t) (2)
A00 ≡
√
2A(B0 → K0pi0) = (p− c)
The amplitudes p, t, c and a are linear combinations
of graphical amplitudes denoting Tree (T ), Colour sup-
pressed Tree (C), QCD-Penguin (P ), colour allowed
and suppressed EW-Penguin (PEW and P
C
EW ), Anni-
hilation (A), W-Exchange (E) and Penguin Annihila-
tion (PA) diagrams, expected to follow the hierarchy [5]:
|P | >> |T | ∼ |PEW | >> |C| ∼ |PCEW | > |A,E, PA|.
Diagrams A, E and PA involve the spectator quark and
are therefore expected to be suppressed (∝ fB/mB) and
are often neglected. This expectation may not hold true
in the presence of significant rescattering. Within the
B → Kpi system, a large CP asymmetry in B+ → K0pi+,
ACP (K
0pi+), would indicate rescattering. From the ta-
ble, it is clear that this is not the case here and therefore
amplitude a can be safely neglected. In such a case, we
have p = P − PCEW /3, t = T + PCEW and c = C + PEW ,
where the u-quark penguin contribution has been ab-
sorbed in the definition of T and C. Further, it is implied
that the penguin amplitudes P, PEW , P
C
EW contains the
CKM factor V ∗tbVts while all others contain V
∗
ubVus. Us-
ing the unitarity of the CKM matrix, one can eliminate
V ∗tbVts in favour of V
∗
cbVcs and V
∗
ubVus. This has the ad-
vantage of employing the experimentally measured ele-
ments of the CKM matrix. Another advantage is that
in this form, generalization to include NP effects due to
modified penguin operators is straightforward - the mod-
ified coefficient can be simply made complex to take care
of the extra phases, if needed. From the above expres-
sions, one expects ACP (K
+pi−) ∼ ACP (K+pi0) since the
two amplitudes differ by small contributions. The data
however point to the contrary (∆AKpi 6= 0 at ∼ 5σ). Ne-
glecting small contributions, following ratios of CP aver-
aged rates are expected to be (almost) unity within SM:
R ≡ Γav(B
0 → K+pi−)
Γav(B+ → K0pi+)
Rc ≡ 2Γav(B
+ → K+pi0)
Γav(B+ → K0pi+) (3)
Rn ≡ Γav(B
0 → K+pi−)
2Γav(B0 → K0pi0)
The data in the table do follow this expectation. Us-
ing flavour SU(3) symmetry, it is possible to relate the
EW penguin contributions to the tree contributions. Ne-
glecting C7,8, and Fierz transforming O9,10 immediately
enables one to express the relevant terms in the effective
Hamiltonian such that [6, 9, 10]
t+c = T +C+PEW+PCEW = (T +C)[δEW −e−iγ ] (4)
where γ is the CKM angle (Vub = |Vub|e−iγ)
δEW = −3
2
|V ∗tbVts|
|V ∗ubVus|
C9 + C10
C1 + C2
= −3
2
C9 + C10
C1 + C2
cot θC
|Vub/Vcb|
(5)
In the above equation, θC is the Cabbibo angle. It has
been argued [10] that the above combination of Wilson
coefficients in δEW is renormalization group invariant to a
good accuracy. From the above expression it is clear that
the numerical value of δEW sensitively depends on |Vub|
(and to some extent on Vcb also). At present, |Vub|excl
is very different from |Vub|incl [11]. To incorporate both
the ranges, we take the upper limit as extracted from
the inclusive value and the lower limit as suggested by
exclusive measurements. Therefore, within SM we have
(typical central value employed in literature is δEW ∼
0.64)
0.35 < δSMEW < 0.79 (6)
Neglecting the amplitude a and using the above expres-
sions leads to
Rc = 1− 2rc cos δc(cos γ − δEW )
+ r2c (1 − 2δEW cos γ + δ2EW ) (7)
3where rc =
|T+C|
|p| and δc is the strong phase difference
between the amplitudes (T + C) and p. Making further
use of flavour SU(3) symmetry, and assuming factoriza-
tion, it is possible to relate the magnitude of (T + C) to
the tree dominated decay B+ → pi+pi0 [12]. Since am-
plitude p can be extracted from B+ → K0pi+ rate, one
arrives at
rc = ζSU(3)
√
2
√
BR(B+ → pi+pi0)
BR(B+ → K0pi+) (8)
where
ζSU(3) =
|Vus|
|Vud|
fKF
B→pi(m2K)
fpiFB→pi(m2pi)
λ1/2(m2B,m
2
pi,m
2
K)
λ1/2(m2B,m
2
pi,m
2
pi))
encodes the SU(3) breaking corrections within the ap-
proximations used. FB→pi is the B → pi form-factor and
the function λ(x, y, z) = x2 + y2 + z2 − 2xy − 2xz − 2yz
is the phase space factor. Using HFAG values for the
branching ratios, we arrive at rc = 0.16 ± 0.04, where
we have used the form-factors as in [13] and errors have
been added in quadrature (we have slightly inflated the
total error to account for departure from factorization
assumption). The authors in [6] arrive at the following
expression after eliminating δc, and retaining terms to
linear order in rc,(
Rc − 1
cos γ − δEW
)2
+
(
ACP (K
+pi0)
sin γ
)2
= 4r2c+O(r3c ) (9)
and conclude that due to the EW penguin contribution,
the first term itself can saturate the above sum-rule. Note
that the authors have used a different value for rc com-
pared to what is quoted above. This difference is essen-
tially due to the form factors and phase space contribu-
tions not included in [6].
We follow a slightly different route here. Instead of
trying to check whether the sum-rule is satisfied within
SM, we invert the above relation and express δEW in
terms of quantities which are either directly measured,
like rates and asymmetries, or are expressible in terms of
measured quantities like rc.
In Fig.1, we plot δEW as a function of CKM angle
γ (the shaded region represents 2σ allowed range for γ
[14, 15]) for different values of Rc, ACP (K
+pi0) and rc.
The horizontal dashed lines show the SM range of δEW
quoted above. Curves a, b and c refer to central, mini-
mum and maximum values (1σ) for the above parameters
while d shows two curves almost indistinguishable where
a maximum-minimum combination of the parameters is
used. From the plot it is very clear that the curve cor-
responding to central values of various quantities, curve
a, always stays outside of the large SM range of δEW .
Curves c and d on the other hand fall within the SM
range, albeit for smaller values of γ.
Since the default curve, curve a, stays outside SM
range of δEW , it is instructive to examine the impact
50 55 60 65 70 75 80
Γ HdegreesL
-0.2
0
0.2
0.4
0.6
0.8
∆
ew
a
b
c
d
FIG. 1: δEW as a function of γ. The horizontal dashed lines
show the SM range for δEW while the vertical limits of the
shaded region are the 2σ allowed range of γ.
of NP. This will be the case, if for example |Vub| eventu-
ally turns out to be close to the current inclusive value.
It is straightforward to incorporate the effects of NP to
EW penguins by replacing δEW by δEW∆e
iφ, where ∆
denotes deviation from SM scaled by SM value and φ
is the CP violating phase carried by the NP operators.
With this replacement, we arrive at
Rnewc = 1− 2rc cos δc(cos γ − δEW∆cosφ) (10)
+ r2c (1 + δ
2
EW∆
2 + 2δEW∆[− cos γ cosφ+ sin γ sinφ])
and
AnewCP (K
+pi0) = − 2rc
Rnewc
sin δc(sin γ + δEW∆sinφ) (11)
In Fig.(2) and Fig.(3) we show the allowed range of ∆
and φ for δc = −20◦ and −10◦ respectively (no solution
is found for the range of parameters employed for positive
δc = 10(20)
◦). We have chosen 1σ experimental range for
the observables Rc and ACP (K
+pi0). All other parame-
ters are held to their central values and δEW = 0.64. We
have varied ∆ between −2 to 2 and φ between −pi and
pi. We find that the new CP violating phase φ and the
magnitude ∆ should be very large and negative (discrete
ambiguities have been ignored at this point). This is con-
sistent with the observation made in [20] in the context
of CP asymmetry in B → KSpi0. If this kind of a sce-
nario turns out to be true, it will be a clear indication
beyond the minimal flavour violation (MFV) hypothesis
where the only source of CP (and flavour) violation is the
CKM phase.
Given the present errors on various quantities, cur-
rently it is not very conclusive to infer physics beyond
SM from B → Kpi rates and asymmetries. As is clear
from the above discussion, |Vub| plays the most crucial
role in reaching the conclusion whether there is a sign of
new physics or not. We have merged the two measure-
ments (inclusive and exclusive determinations of Vub) and
shown a broader band, within which one can accommo-
date the SM prediction. In this context, it is impor-
tant to keep in mind that the amplitude relations have
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FIG. 2: Parameter space in ∆-φ plane for δc = −20
◦ keeping
other parameters fixed at their central values.
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FIG. 3: Same as in Fig.(2) but with δc = −10
◦
been obtained after neglecting small contributions. One
can ask if inclusion of those neglected pieces can improve
the situation. Very recently, the authors in [16], follow-
ing the operator language, have included (some of the)
1/mB contributions. Employing QCDF [17], the authors
have checked for the consistency of the fits to all observ-
ables in the B → Kpi system, as well as by removing
the one under consideration. Their results show that in-
cluding the 1/mB corrections and varying them within
very plausible ranges, the rates and CP asymmetries ob-
tained are well in agreement with the HFAG values. They
conclude therefore that the inclusion of these formally
1/mB suppressed terms (having a very marginal impact
on branching ratios) naturally leads to opposite signs for
ACP (K
+pi−) and ACP (K
+pi0), thereby making the SM
prediction of ∆AKpi consistent with experiments. Simi-
lar conclusions have been reached within PQCD [18] and
global fits based on (approximate) flavour SU(3) symme-
try [19] where a large colour suppressed tree contribution
is needed. Inclusion of some of the neglected small con-
tributions can be effectively seen as modifying the value
of δEW , and can thus bring the data and theory in better
agreement. This will then be consistent with the findings
of [16].
From this discussion, it is clear that no significant
new physics contribution may be needed to address the
B → Kpi puzzle(s). However, it is not just B → Kpi
rates and asymmetries that show a possible tension with
SM expectations. A somewhat lower value of ∆ms, large
CP violating phase in the Bs mixing, polarization puz-
zles in B → V V (T ), sin 2β from penguin dominated
modes (see [1] for the present experimental status of all
these), all call for a closer look and have been advocated
as hints of physics beyond SM. The latest Belle mea-
surement [21] of BR(B → τντ ) confirms the larger than
SM value reported earlier [22]. The largest uncertainty
comes from fB and Vub. One can instead look at the
ratio BR(B → τντ )/∆md, which within SM takes the
form
BR(B → τντ )
∆md
=
3pi
4
m2ττB+
M2WS(xt)ηBdBBd
1
|Vud|2
×
(
1− m
2
τ
m2B+
)2 (
sinβ
sin γ
)2
(12)
where ηBd = 0.56 is the QCD correction factor entering
∆md while S(xt) encodes the dominant short distance
top-quark contribution to the box diagram. This ratio
brings out ∼ 2σ tension between the Lattice values of
BBd and that required by global fits to data [23]. In-
dependent of BR(B → τντ ), employing the same lat-
tice value of BBd yields a consistent value for ∆md for
typical fB quoted in literature. A large central value
(currently the errors are also large) of BR(B → τντ )
as observed can not be easily accommodated within SM,
and definitely calls for new physics. Various new physics
scenarios have been advocated in the literature in order
to resolve B → Kpi and other b → s penguin domi-
nated issues. A simple example is the sequential four
generation standard model, SM4, which can simultane-
ously explain B → Kpi puzzles and Bs mixing while at
the same time being consistent with other measurements
[24]. However, without invoking extra operator struc-
tures like scalar, tensor or right handed operators, it is
not feasible to explain polarization puzzle in B → V V
modes [25]. Therefore, models with only enhanced pen-
guins can not simultaneously explain all these puzzles.
Looking at all these hints, we find it very plausible that
an extended Higgs sector is in fact needed. A general
two Higgs doublet model (g2HDM), allowing for CP vi-
olation can in fact resolve most of the above mentioned
discrepancies. The CP violating phase in the Higgs sec-
tor will be common to Higgs (di-)penguin diagrams and
therefore will have no effect on Bd mixing while making
a non-negligible contribution to Bs mixing, due to non-
zero strange quark mass as opposed to negligible down
quark mass. For the same reason, b → ss¯s penguin pro-
cesses will receive an additional contribution compared
to b → sd¯d(u¯u). Therefore, there is a possibility of re-
solving polarization puzzle (via the scalar-pseudoscalar
operators in such a model [26]) that shows up in b → s
5penguin dominated modes (B → V T is an exception and
may have to do with a very different hadronic structure of
the tensor meson involved). In such a model, the strength
of EW penguin operators will also get modified, possibly
bridging any gap between theoretical predictions and ex-
perimental measurements. One does not expect these
modifications to be numerically very large once the lat-
est b → sγ constraints are taken into account. Very
roughly speaking, b→ sγ rate is practically independent
of tanβ for tanβ > 2 [27], and only places tight con-
straints on mH+ which can be combined with B → τντ
measurements to eliminate a large region of parameter
space. Further immediate constraints come from lim-
its on Bs → µ+µ− branching fraction. A detailed phe-
nomenological study in the context of a specific 2HDM
will be presented elsewhere.
In this note, using flavour SU(3) symmetry, we have
shown that given the present errors on various quantities,
mainly Vub, rates and asymmetries in B → Kpi modes
do not show any significant deviation from SM expecta-
tions. Inclusion of formally suppressed contributions will
not significantly affect the rates but can have a large im-
pact on CP asymmetries and can bring theory and data
in better agreement. We have also found that if EW pen-
guins are to resolve the discrepancies in the Kpi modes, a
large new CP violating phase is needed. Looking at vari-
ous other observables, a general two Higgs doublet model
may offer the simplest resolution to most of the puzzling
issues in flavour physics. However, we strongly feel that
a precise measurement of Vub and lattice estimation of
fBd,s and BBd,s is immediately needed, without which
possible NP may remain hidden under the parametric
uncertainties.
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